We have extracted 565 neutron spectroscopic factors of sd and fp shell nuclei by systematically analyzing more than 2000 measured (d,p) angular distributions. We are able to compare 125 of the extracted spectroscopic factors to values predicted by largebasis shell-model calculations and evaluate the accuracies of spectroscopic factors predicted by different shell-model interactions in these regions. We find that the spectroscopic factors predicted for most excited states of sd-shell nuclei using the latest USDB or USDA interactions agree with the experimental values. For fp shell nuclei, the inability of the current models to account for the core excitation and fragmentation of the states leads to considerable discrepancies. In particular, the agreement between data and shell-model predictions for Ni isotopes is not better than a factor of two using either the GXPF1A or the XT interaction.
Nuclear structure reflects the interplay of single-particle and collective dynamics.
The occupancies and energies of the relevant single particle orbits in a given nucleus are especially important because they are essential input to large-basis shell-model (LB-SM) calculations that provide the most detailed descriptions of single-particle and collective features of medium mass sd and fp shell nuclei [1, 2] . The ordering and occupancies of orbits in many interesting and important beta unstable nuclei are not known, but must be determined by measurements.
Spectroscopic factors (SF) quantify the nature and occupancy of the singleparticle orbits in a nucleus, and are required to determine the orbital energies [3] [4] [5] . They provide necessary checks of the Hilbert spaces used in current nuclear structure calculations that aim to elucidate the evolution of shell structure from stable isotopes towards the drip lines. Single-nucleon spectroscopic factors also correspond to the nuclear matrix elements that describe the capture or emission of single-nucleons in stellar burning processes [6] . In the rapid neutron or proton capture processes in explosive environments, these captures often involve short-lived nuclear states with small spectroscopic factors, for which measurements can be difficult or even impossible. In such cases, shell-model calculations often provide the principal means to estimate these spectroscopic factors and the associated astrophysical rates.
To address the accuracy of such predictions, it is important to assess the accuracy of calculated spectroscopic factors using different Hilbert spaces [7] . Such an assessment may be obtained by comparing the calculated values to those extracted using wellcalibrated experimental probes. In this paper, we test the predictions of LB-SM calculations [8, 9] by studying SF values extracted for neutron "particle" states populated
A recent comparison of measured ground state neutron spectroscopic factors for Li to Cr isotopes to those calculated using large-basis shell-model calculations found that both agreed to within 20% [10] [11] [12] . This result involved systematic comparisons of the angular distribution data to Adiabatic Distorted Wave Approximation (ADWA) model calculations [13] of the transfer cross-sections [10] [11] [12] . The ADWA model addresses deuteron break-up, which can be significant for deuteron center of mass energies above Accordingly, both deuteron and proton elastic scattering optical potentials can be directly obtained from nucleon global optical potentials. In ref. [10] [11] [12] and in the present work, we used the global potentials described in ref. [14] . For simplicity, the transferred neutron was bound in the nucleus in a potential with a Woods-Saxon shape with fixed radius parameter of 1.25 fm and a diffuseness parameter of 0.65 fm. The depth of this potential is normalized to the experimental binding energy.
In general, the shell model describes the properties of ground state nuclei very well [1, 2] . In astrophysics calculations, states involving resonances near the nucleon thresholds are also relevant [6] but the success of the shell model is less certain in describing such excited states [7] . To examine how well the shell model predicts the spectroscopic factors of excited states, we adopt the analysis procedure described in refs.
[ [10] [11] [12] Ni isotopes with neutrons in the pf shell. SFs will be provided in forthcoming publications [15, 16] . In this article, we show a quantitative overall evaluation of the success of LB-SM calculations in describing the SFs. There are only a handful of states where the agreement between the experimentally extracted and predicted SFs is unusually poor. These states are identified and discussed. largest discrepancies when using the modern GXPF1A interaction [17, 18] Sn [23] . Calculations with the XT interaction, which assume a closed Unfortunately, there are not enough statistics to draw a firm conclusion on the reliability of small calculated SF values from calculations with the XT interaction in the Ni isotopes.
We have used the established systematics between the experimental and theoretical spectroscopic factors to assign the spins of three selected states in 27 Mg that have no definitive spin assignments from measurements. The spins for these states listed in Table 1 can either be 3/2 + or 5/2 + (second column in Table 1 ) according to NUDAT [24] . 
